In the Standard Model one of the generations is much heavier than the other two. We propose a simple mechanism where all three generations are treated on the equal footing to begin with, and one heavy and two light families emerge from supersymmetric strong dynamics. The Yukawa mass matrix is identified with vevs of the meson fields of some additional gauge theory. It is then forced to have rank one (in the leading order) by nonperturbative superpotential.
The origin of flavor hierarchy has been a puzzle ever since the Standard Model of strong and electroweak interactions emerged. Recently [1] , as well as in the past [2] , much effort has gone into building models where such hierarchy can occur as a result of non-Abelian flavor symmetry. (Such symmetries have appeared in recently derived three-family grand unified string models [3] .) Ideally one would like to obtain the observed flavor hierarchy dynamically. One of the most appealing scenarios would be if this dynamics is that of a (N = 1 supersymmetric) strongly coupled non-Abelian gauge theory. With the recent progress [4] in understanding many of the non-perturbative aspects of such theories, including exact superpotentials, it becomes even more desirable to look into a possibility of solving the flavor hierarchy problem along these lines.
There are two ways of looking at the flavor hierarchy puzzle. First, one can ask why the first two generations are so much lighter than the third one. But one can turn the question around and ask whether there is a good reason for one of the generations to be much heavier than the other two. Most of the time the matter is considered from the first point of view. Then one tries to dynamically generate small numbers to explain the ratios of the first and second generation quark and lepton masses to those of the third generation. The drawback here is that the top-quark being heavy is taken for granted, hence inequality in treating different generations to begin with. Recently, some models along these lines have been constructed in Ref [5] . In all of these models, however, there is no symmetry between the third and the other two generations from the start, and, therefore, heavy top is an input rather than a prediction of the models. In this letter we address the issue from the point of view where one would like to a priori treat all three generations on the equal footing and generate one heavy and two light generations dynamically. In the following we propose a simple mechanism, and a model where the latter is realized, which dynamically generates large mass for one of the generations, while leaving the other two light.
First, let us formulate the problem. The Standard Model gauge group is SU(3) c ⊗ SU(2) w ⊗U(1) Y . Let Q i be the left-handed quarks transforming in (3, 2) of SU(3) c ⊗SU(2) w . LetQj be the left-handed anti-quarks transforming in (3, 1) of SU(3) c ⊗ SU (2) w . There is an SU(3) L ⊗ SU(3) R global flavor symmetry under which Q i transform as (3, 1) , whileQj transform as (1, 3) . Next, we give a simple model that puts flesh on the idea we just described. (3) s . The massless spectrum of this model is summarized in Table I . Now, let us assume that there is a tree-level superpotential
Here
are the low energy mesons and baryons (SU(3) s singlets), whereas λ andλ are three-level Yukawa couplings whose natural values are of the order of one. (Note that λB andλB are three-point couplings in terms of the fundamental quarks q i and anti-quarksqj. The term M ī j Q iQj H/M 2 P l is a five-point non-renormalizable coupling once written in terms of the fundamental quarks and anti-quarks. We will comment on possible origins of this term at the end of this paper. Note, however, that such non-renormalizable couplings are inevitably present in all models with non-Abelian flavor symmetries.)
Note that as far as the SU (3) s theory is concerned it is an N = 1 supersymmetric SU(N c ) theory with N f = N c flavors (N c = 3 in our case). This theory has quantumly modified moduli space and the non-perturbative superpotential that is generated reads [6] :
Here A is a Lagrange multiplier. The exact superpotential then is given by
Let us study the flat directions in this superpotential. The F -flatness conditions read:
where
We assume that the vevs of the Standard Model quarks Q i andQj are zero (as they should be, or else SU(3) c would be broken). Then we have the following solution to the above F -flatness conditions (provided that λ,λ = 0):
Note that since
the last condition in Eq (10) implies that det(M) = 0. Since all the 2 × 2 minors Mj i of the matrix M ī j are also zero, we see that the rank of the latter can be at most one. In the diagonal basis we can, therefore, set M is a flat modulus so that upon supersymmetry breaking its stabilized value can be of the order of M 2 P l . If this is the case, then the net result is that the Yukawa mass matrix Y ī j has rank one, and its only non-zero element (in the diagonal basis) is of the order of one. Thus, we have one heavy generation (corresponding to the-top quark), and two light generations. Note that this flavor hierarchy arises in this model dynamically, and never did we treat any of the generations on a different footing than others. Also note that the scale Λ for the above matter content of SU (3) s is always higher than the supersymmetry breaking scale in the observable sector.
Here a few comments are in order. First note that the above solution to the F -flatness conditions is only valid if both λ andλ are non-zero. If both of them are zero, then we do not get a restriction on det(M) as the Lagrange multiplier A can take zero value. If only one of them is zero, say,λ, then there is a possibility of having dynamical breaking of local supersymmetry on top of the dynamically generated flavor hierarchy we just described. Indeed, in this case the F -flatness conditions (5) cannot be simultaneously satisfied for any finite values of the A, B,B and M ī j vevs (provided that Q i and Qj do not acquire vevs), i.e., there is a runaway direction, namely,B, along which the superpotential is non-zero for any finiteB. It can be shown that if in a globally supersymmetric theory for any finite values of vevs F -flatness conditions cannot be satisfied and the superpotential does not vanish, then in the locally supersymmetric version of this theory supersymmetry will be broken due to the Kähler potential contributions. Intuitively this can be understood by noting that once such a theory is coupled to supergravity there is a natural shut-down scale for all the runaway directions, namely, the Plank scale. Generically, this results in local supersymmetry breakdown. Thus, local supersymmetry may be broken in the above model withλ = 0.
Let us return to the flavor hierarchy problem. We see that in the above simple model due to the non-perturbative dynamics in the SU(3) s sector one of the generations comes out heavy, while the other two are light. Naturally, one wonders if the more fine structure in the flavor hierarchy, such as, say, light quark/lepton masses and mixing angles, can also be obtained in this way. Here we point out one possible source for such fine structure. There can be higher dimensional operators (suppressed by M P l ), some of which can explicitly break the SU(3) L ⊗ SU(3) R flavor symmetry. For instance, one can couple higher SU(3) s invariants to the Standard Model quarks in the spirit of Ref [5] .
Finally, we would like to comment on the origin of the non-renormalizable (five-point) term M ī j Q iQj H/M 2 P l in the tree-level superpotential. Certainly, it could naturally arise in string theory. It could either directly be present in a particular string model, or emerge from three-point renormalizable Yukawa couplings once, say, some additional vector-like states are integrated out. (The latter type of scenarios were considered in the field theory context in Ref [7] . In certain cases integrating out such fields may result in dangerous flavor non-universal contributions to the squark masses [8] .) We leave this to the reader's taste.
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